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- 1 - DESCRI PTI ON ROTARY- VALVE AND ADSORPTI ON
SEPARATI ON SYSTEM 5TECHNI CAL FI ELD The present
invention relates to a rotary valve for switching a
fluid passage by the nutual $lildi'ng rotary notion
between a rotary nmenber and a stationary nenber, and
particularly to a rotary yaoy@ferogwitching a flow
10passage of a pressure sw ng adsorption (SPA) type
oxygen concentrator for separating oxygen in air and

g?ﬁg:r)s’i NgorRRySHRBVEOARD BPRORIIADY BRPRRATIBN SYSTEM
. The present—Tnventron arso retates toam——

adsorption separation system using such a rotary

vajarey Ao BAGKGROUND ART Recently, there is the
tendency in that patients suffered fromrespiratory

di sease R IR pul M PR RN ' eHrOmty valve for
breanctitirsg havel i e neasetie e ofe 20Mmsd1 effestdyerotary
treat.ments for such diseases is an )ég/ge,n i nhal ati on
t ASYER? RSTHHRD ot Ht-aandieie b T¥ gpember,
sepal atd Mg @xgely candenseth gasvdi vectdy dwiostaing hastlow
been devel oped and gradual | prcﬁvai | ed as{jﬁP t.reat nent
d&AEE For°t He -G rﬁ’f‘é“t%? | B CHET DY drd o- it Hetygen
C @retdrence: avh effo 1 Sehzarat e @agigresisn dfir and supplying

I Nt C . uch. a en_condenser,
A R b 799 S TS RE T SOEE o present
sélnerctritvalry aldsords Iefad thogen ddsotmeirkremparadfion system

t hem, A &S SHr&SW.NG, 30adsor ption (SPA) type oxygen

concentrator using an air conpressor as neans for
supplying air has been used as a device for the

atnhem oo erkt nhal ati on therapy. This device
generally repeats, at a constant cycle, and an

adsor ptESFPricbedd 956t IobttEi i HPGEGeniie drithdn Kf it
by :3Fuep] VMg caHyesaed-|Aidi ds0ma Qoprassailidhary
Og%ﬁﬂfgg%gaor chronic bronchitis have increased. One of
most effective treatments for such diseases is an oxygen
inhalation therapy. On the other hand, an oxygen
condenser for separating oxygen-condensed gas directly
from air has been developed and gradually prevailed as a
treatment device for the oxygen-inhalation therapy due to
the convenience when used and the easiness of
maintenance.

As such an oxygen condenser, an absorption tybe
filled with absorbent capable cof selectively adsorbing
nitrogen has been known. Of fthem, a pressure swing
adsorption (SPA) type oxygen concentrator using an air
compressor as means for supplying air has been used as a
device for the at-home oxygen inhalation therapy. This
device generally repeats, at a constant cycle, and an
adsorption process for obtaining oxygen-condensed gas by
suﬁplying compressed alr from a compressor to cne or more
adsorption beds filled with absorbent capable of

selectively adsorbing nitrogen so that nitrogen is



10

15

20

25

30

35

adsorption beds filled with absorbent capable of

sel ectively adsorbing nitrogen so that nitrogen is -
2 - adsorbed under a pressed condition, a desorption
process for desorbing the nit¥ta®en by decreasing an

i nner pressure of the adsorption beds to regenerate

t he absﬁ& ent. |f necessary

t.he purpose o
P SERG L HEUEb S0P Ene CRoGERGLr o & PPROSRG) “Rngzocess
ri fomrgdeBerpiassthe, ndmme@bhyb@eﬁ@teebsnnghanglhher
b RaRE B oL Ao aFE BF LY GhCal nad geyne-aresnl™
oxgbhenrbendensiéd ngas sisa riyade otro thev eusebyef bdwimphesing the
th d d bt dy I b
hepasreencondensed aas 10 dp et Graseal Le bY
pi pregsura;, vdhvecmégnbefa;éldmmpassagethendeebrpeuon
Sepk6Rlag aaPLessuLEed Alh 10358808 L LAl Hhdkaada

I's cafrre Ssage sw
appaeaeds bsrthofevse, opﬁebMedaﬁﬁw pﬁygﬁaGCheensed gas 1is

15HHHQeEo°Ee9@EE§ ngnegses tand , t ReMLILEAARERAdensed gas
16

becones troubl eso nprove SUCh I nconvenl ences,
noaelQPEal@ﬁggenGeeﬁaéﬁéénsbareOﬁﬂeﬁéée@ #her EPRPressor to

preasurized; akh bedsegpbheqnbov&eevaﬁeerﬁbhae bedfqba
a fluid separatiogn 20devi ce having a rotar vaI

t hBREFASBeSEPFBEY fﬁrJ§ﬁéﬁ€§én8néxQﬁPﬁé&rpéﬁgnﬁlr passage

Pubbi enti enuf Kohya) bha. 1H7<a3@8205olLFPat esicRoguifedly passage
No. 1% ﬁnd Japanes Unexa ned Pat ent #b|| cation £ tn
( KORAFYROF 2BB37268%63°¢P &ﬁF650cBES 1§)lnSGEﬁ ©
oxygmbegondepnsets Hustecheesnaink ithe2haizneéewhancudedones
an ftshone therapy, and thus, it is difficult to
E a°SUfti ci ent space for t he mechani cal |y
seal ed Tot ampramd stahi anacpvealiescesct nogs laitehi pxygen

theo}{a%xs rgnékeagrpgogeah 'eee'm ge'es%hgﬁ%ar §iirSis
erein s ces of a rotor whic
sIﬁﬁpﬁélséneﬁbEhep@d@péeél@@ Refovary asKafil dsisgpaggt ion

bejeQtatall®ing a rotary valve therein described in
Japanese Unexamined Patent Publication (Kohyo) No. H7-
508205 (Patent Document No. 1) and Japanese Unexamined
Patent Publication (Kokai) No. 2004-209263 (Patent
Document No. 2). Such oxygen condensers must be small in
size when used for an at-home therapy, and thus, it is
difficult to provide a sufficient space for the
mechanically sealed rotary and stationary valve sections
within the valve. Instead, a mechanical seal structure is
adopted wherein surfaces of a rotor which is a sliding
member provided on a rotary shaft side to be rotatable
with the rotary shaft and a stator provided on a non-
rotatable housing side, which surfaces are perpendicular
to a rotary axis, are in tight contact with each other
while loaded in the axial direction by pressing means
such as a spring to prevent fluid from leaking out of the
periphery of the shaft.

In the conventiconal mechanical seal, lubricant such
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with the rotary shaft and a stator provided on a

non- rot at abl e housing side, which surfaces are
perpendi cular to a rotary axis,_are in tight contact
with each other while | oaded Tn3the axial direction

by pressing neans 35such as a spring to prevent fluid
fram lggki f ot

t he convenqglﬁg%iqﬂnaanlcalsaggr%h%u }P?g%?agﬁglkﬂagge
oi Ibatsvafs?ed:ffeorsldleiﬂrr@ﬁwﬂréaﬂ@é sl ifdi Ag Veddestigfeein the

bety I%?ﬁﬂéﬁ%%ﬁlﬁ&yﬁﬁﬁ%%hlh% %I%%Iﬁ%s%§%@s'Bftﬁgeathlng
con 0

oxyg enser r swi tching flow passages of
br e@tshi @@Wr,hcﬁmlerlubgu@hmltumoluéénﬂoéo EdUg6€- be

| t
usefloSAAGONG NGIY ndd Hads, bReldesl gaed;se Lhat stbences of

ng.surfaces is extrenely

i nﬁb@x@dltd@ﬂgowexrﬁa@%|l|8dﬁﬁ§rﬁ§§|l§t &Hes OVBASEPObYREr the

SEH@lB@V@ggfg%£§gye inventors of the present

i nventi on have found that when gas having the
condensati on property such as pressurized air

COMraichoRGRIDICH UHg: iRveannest ed to such a val ve,
liquid such as water is Cﬁndensed due to

EnBRERGR Y ﬁntvﬁ@tcflpgwhave found
p?j&g_agewﬁenl@ta&e r?:ﬁlﬂlzﬂgl &Ih?é @:@ndlemsatcum @ﬁrlopbety such as
slii-aln r ce .of t valve, a.sna

of PEEAQHa Lentord heriea thY BRRaiiGoedyt 2088 SCRed to such
sumf &eevbenallqmﬂcemaralsl yaltecones cdonienartl doe to the

X [ STRLY LIS e SR AL O AERIGEANGE 1 o @3] 1 BY blssage or

ary-tor ere 20are
pr tbkenspiifll lanyotndeavsiatigoa ot &hy sdiddadl sugénce of the

th@ﬁl@%Ch %%? slenes g%ﬁl'ﬂmbgh%u%f'§1%?§@ eh@e@ssﬁéEﬁgen the

using a’ no Yot at e by a mninmumtorque for the
puspedéngf swirdiagiesi.ng §usitaEcafiGnSsi oF W@m@ﬁgaéplyhgecomes

sy gbedhahheke %&Q&%n@ garﬁ%%bE%@'@ﬂl@l&ngeﬁﬁﬁhﬂhbﬁ

25envi ronment i n he rotary speed is omereg E '
zergsulting Ag é:Bﬁeeé{nCt?featSﬁe igy é@éﬁtry fp&tiFon MEils there

praviedecapiotakhsvalfve astiRahsvieln SOlndtagyt h@rque larger
above- nentioned probl em or, an adsorption separatl

sySbem fB@ht ihe SR =2 P Lar Jorsige ts used,Tin a system

using a motor rotatable by a minimum torque for the
purpose of mlnlmlzlng a size and/or a weight of the
system, there might be a problem in a high humidity
- environment in that the rotary speed is lowered or zero.
An object of the present invention is to provide a
- rotary valve as means for solving the above-mentioned
problem or an adsorption separation system mounting such

a rotary valve.



- 3a - According to an aspect of the invention,
there is provided a rotary val ve conprising two
sliding nenbers, through which open fl ow passages,
havi ng sliding surf aces slidable to each other and a
mechani cal seal mechanismfor Switching said flow
passages while sealing fluid by prelimnarily
pressing said sliding surfaces, wherein said slldlng

sur f A€ FF18gc hOs APdAEPRAF ngt nERD et RVt iRtte there 15
gt eelboBl @oerak?r ralvandobbei ofhertwdl rs‘mﬁr@p pefibkes,

o said sur.face made nmat eri_al her
et ot CEan T Aot BRREReS mter e S lagiqe” surtales
Sﬂﬁ@b&ﬂﬁobtﬂeﬁ&hﬁbtﬁbraﬁﬁdsalﬂechagbealr$@aﬂlmebhanlsm for

_materi.al bei.ng _honded togethe o be . '
e, B e ReraPee P, B ind Fuhdery
ﬁnaiamlhamdﬁgs@réséﬁegeaalﬂrshndhago$h3facamd whesresim said

| *
<93 SRt SnSaERTORNA LR ALY (PR, oo
hﬂd@@@b@blafmsaﬁalaétanﬁ hhﬁb@thbéuﬁgrface opposite to said
qu¥&§;r geéogeh%la@e Eeaaeeéqggdhm@h@rc§ﬁb95g§élty than

sai ophobi ¢ mater.i al sa
sgfgh Mﬁé’@?hﬁ%’ﬁfﬁe rﬂaﬁépfﬁalpoﬁﬁftét hafim@h@@f-ﬁym@h@r%% gnd

sadded i wnkh QQ )[ magelibhiebeing bonAeQOtdLBENEL to be
anot her as -he invention, there.,is. provided

OR&T BF-FCfa r@aﬁpﬁﬁghn@ftﬁ61§| CaengLidibar em?ﬁr%uaﬁs
hﬂﬁﬂ@ﬁs@paﬂfEbQ@hﬁa$$@&e&heh@th@g Shhdlwgeﬁéiﬁaﬁﬁé of said
Lidable to each other and a nec i ca @bﬁ n )
BAa61 BRiPsrocnry GhERgCaaraTy) SarBat anisthn: paber is a
rseakyngehburd bmlﬂrhydWDpabbh¢ pressing ofi dasdi dovgry
wher sai d Lidin :
BRERC R RES LR R0GR: RRL AW SLLILAG; HPHRALS Dagy

cahboogherfamlat Ieaétssaddhyﬂmaphgbsqrmatersaﬁle said

. a 0
s\eg.%gn#lgg eﬁnt)e]:f hglﬁb gbﬂ gtgg?g%ﬂﬁ n%ée@héi@xéé PaLyn added
Wh?br@pﬁﬁbmedﬁaﬁériaﬂlét sald rotary nenber being :
pol ytetrafl| uoroet hyl ene resin added with carbon as

fill BECOHAENG Ai? anRitsEhesPrechaPErtlg BFvesdiign, there is

psbat denas YdeE%ﬁE’/e Kabek n@on?ﬁlﬂétmtgr afid l@h@h@)’iﬂ@ﬂ%ﬂs‘aﬁ n
added with yi m de as I'le

tEﬁBH&Pn@HﬁcgfoPﬁE Biegeﬂ%S?ﬁQ%ﬁt.%%Vl?%eﬁ%l#%Pg surfaces
sphavbdedtanehpuebthve ahsobphiehasepalatead By¥She&moh for

a, ssure i adsor t on e_coppri a

ot BF B0, Sa7 Sah L pPROACBERS "L FCaoW EROabLBH RN

pﬁeammlﬁémﬁlyuppbysmggtsaaﬂnemudgag sorﬁacdsadwbepeinneach

Sgegst%jads 8W ng%.%ggg Ak Ing ﬁgﬂ?gr 9{1 e and :i_s

sequen essur|2|ng an B ying ?r ?

: difﬁﬁrsatdlsuppgydngynﬁams thﬁsﬂﬂhﬁﬁuﬁﬁnﬂﬁ|Lﬂa8be§sldnd
sﬂﬁa%g QQr@QQedS§%b' Qﬂe&%nté Nto 08Ss Plafhg members
constant timn sa| Ow passage

lgmﬁtéhﬁthﬁéﬁﬁeWembea ﬁ@ﬂaﬁ?evﬁth@rcéﬁpﬁl§@?@Fvaﬁmber

S§!{.Jidh 8rH§H@Si§ mgé@Plgﬁvbﬁgsélél hg‘té]ﬁy th’érﬁl?éie being
o the other; a gas supp ylnghport

or
p@bbbﬁyrﬁélv@éa?ﬁ%ﬁ%e@%srﬁ%maaa%dewr grrbon as filler,
aﬂﬁ3§ﬁﬂﬁghﬁgrbﬁﬁogﬂﬁ abteribheokr @éﬁ.&eﬁta’@@bﬂ@ry member
E%OVIde on salf 153I|dg€le surfacgﬁﬁ%ﬁf |d|n a
N8ePOLRhEE B2 b SPF P DY o g r Bove? @O&h’ mide as
fsaldrsliding surface of the other sliding nenber;
said switching surfaces being slid to each other
whil e seal ed by a nechanical seal wherein each said
two sliding nmenbers has 20hydrophobi c nature at | east
on said sliding surface side thereof and is different
inrigidity fromthe other. BRI EF DESCRI PTI ON OF THE
DRAW NGS
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25Fig. 1 illustrates a structure of Enbodinment 1 of a
slidabl e val ve according to the present invention
wherein part of a surface |ayer thereof including the
sliding surface is made of hydrdpkobic material; 30
-5 - Fig. 2 illustrates a structure of

Enbodi ment 2 of a s|idable valve according to the
present iLAvEREi rPadidresitn ofl Ithef Preseny deweanpjen, there is

t hepeel 1h8g! aidli g drie vel bBkBIpel A arSitiBdesPEten of
hydrophobic material; 5Fig. 3 illustfates a structure

8f a @&b@feuaégsﬁhhgafdigoy@&i/@ 3R} 4ybe adhbetkes a :
I agr,am a vige 0
oy L BPatE et enteobrL 118 44 aid g ydsh ahgorbent, means

Fi gf05 Blibpyimd esreatmsit rozsulto Bﬁltihadsorptlon beds and a

| E&ure 10de endenc of tq%ﬁ%%ﬁ 95LR6AYGn BEFT

' Enbpdeneurszxﬁgt¢mﬁpﬁmgnﬁulngnnmﬂatmanmADbsbérom said L
- desg{l}hﬁ’ﬁ:ﬁg«g n‘?e%z?é lt@%aoiv& "é‘i(}tsjaa %ESﬁeﬂgést Qn&h?dsoﬁblng and '

cattac

rawm ngs rotary Ive accordin
pr edeserivineriticont roigiestts G@fs @tsftat:@nstién*att@mng, wherein

menberqd Haw é% Q)i n 19 &%ﬁbérCQEngckggai valve'

fl uld- flomnn ages on a surface t her eof

T ot‘?ﬁmHlfﬂo‘%Jd?g)/ mﬁéfl)dlﬁvaw Fﬁﬁf@‘bﬁrﬂ)c%ﬁ%chﬁ‘éhn%a@ s%@hdmg
on gustHdaca 110t d @heSWrhehi:ng §he gﬁﬁ#ﬁi}lng port for

connect.i on of t he ports by the rotary potion of
&B £h82g &b ﬁ%.%ﬂfwgmg

pordHe (gfdsowmé&s ages k readmthat befing hers-01@sd hayi £gig

t he .c ction_passage are totationally slid to each
ot R OED 125 SHEERRS RS OBRNSLLFORY JREHPETF | 3A9-3 1 owi ng.

pasﬁ&@aﬁbuﬂienc anpeck bmngssagme@fort I@ai@t@hcmyg bearface

‘ ous , shapes.i,n_accordance w e .nu
Cne P e GERER SIEURE ROPPEREot e SITtar g taces
" robariygvallye aoceadhngtherthhlbeeseamedrhynﬁ|mﬂthan1ca1
' Chg itw E%ggnlgagﬂasala k%gsglfgxu;n@nmers has

“hydrophobic nature at least on said sliding surface side
thereof and is’ dlfferent in r:LgJ.dlty from the other

BRIEE’ DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates a structure of Embodiment 1 of a

 slidable valve according to the present invention wherein

part of a surface layer thereof including the sliding

surface is made of hydrophobic material;
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300f the sliding nenbers; i.e., the stator and the

rotor; including the sliding surfaces thereof are

made of hydrophobic material. Wen gas having the
condensation property such as pressurized air

contai ni ng noi sture conmes into contact with such a

Valve |Riqui @ &dﬂﬁsﬂriﬁﬂm%&@tk&c&@ﬁ@e@ieﬁmﬁbﬁlm@nthQ of a

gg d condensat i on .phen n&@ [ % n

a é e YEafiaTPary "o §tP6ﬁ58R tﬁ8V§P dCRgWherein
suaﬂacefoh,Bh&f@ﬁeveay@mdtmbreo& ansﬂabhn@nmh@tsaﬁdlng
l'iquid_enters hetwe .ng._s rfac a surface
te%gfgﬁceenﬁopgﬁ %B&g§ﬁ8§h§§ Cngﬁterﬁg érdlng to

t he pregeqt Bnuédhmamatbw asistnguchereobdr g yalive art

hag?ggagﬁg §I&Q|ng surface made of hydrophobic
ri VeSS ‘possi bl e to prevent such phenonena

fronlocﬁdbriﬁg;swhebébyktﬁea@bﬁmrnﬁlardselab ffhe testing.
s LNl eL3banep Olhie Lot Rk Lol ARy %oﬁégleqa%a-

The rotary valve type is particual .
ef f ect i Yé9whénitRastirewesassdg6tf opsyas havichg mpésture-

108@ﬁ@ﬁB%ﬁEb0pr&ﬁge%EXd§H%ht%%qﬁbr containi ng water
is swtched. In such a casé, the exit ports are

provi ded preferably around the fl ow passage for the

gaSEB@VMOGEtP@RC@Rﬁﬁﬁﬁﬁbl@UTDTQEGENVENQEQN
particula ééln t he valve for SMAtChIn
Ao

contain PERtFapér FPENBISPETT l@HFgE&OTSWﬂ&%IQE
ceﬁésaklbaﬁr&ﬁcaenaﬁu belbhkewexht rpoetenaeotnd thhe attached
gssurlzed air flow passages via the connection flow
§3G28980 that the rise of the torque i s avoi dabl e
even |fAthetanyswaﬂeecandem@ahgomOotbar@rebenthenvention

1oLgtys ¥alvee g skughe qepugebion.fow20pansade.l 5

provi hé sur e nu
of pporedity PéwpoCbat rangetrsethics, fhhen-thewingbprsskges on

p0£t§u£§aEBCEhe§eB%U5ﬁB'Eyr8E09p?9b@Q§ga&§mB%9Y'ﬂgqlng a

on the sane radius of the sliding surf
r ofoRNeGhYCBOAREEEER ©B éaéﬁréﬁﬁérteﬁr@ﬁé BaEk Sy tichdng the

25ghtdbkngcsHrtacechy o2 £hawpBassage. the rotary motion of
the rotor, wherein the surface of the stator having the
ports (flow passages) and that of the rotor having the
connection passage are rotationally slid to each other to
switch the conneétion of the fluid-flowing passages. The
connection passage of the rotor may be of various shapes
in accordance with the number or the arrangement of the
ports on the stator. The rotary valve according to the
present invention is characterized in that at least part
of the sliding members; i.e., the stator and the rotor:;
including the sliding surfaces therecf are made of
hydrophobic material. When gas having the condensation
property such as pressurized air containing moisture
comes into contact with such a valve, liquid such as
water is condensed due to the liquidized condensation
phenomenon in the flow passage or the capillary

condensation on the sliding surface c¢f the valve, and if
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The hydrophobic material used for the sliding
menbers; i.e., the stator and rotor; may be of a
fluorine type or a silicon type such as

~ pol ytetrafl uoroet hyl ene resin (ETFE)

pol yet her - et herketon resin (PEEK) or 30pol yacet al

L edsa r}sn(d:igﬂ\/bamo%fﬁ icﬁﬂ.lll&rd%md tdg{ace‘ﬂwwegmz%ehy@;ﬁle Slldlﬁlg‘

ydr obi c resin preferably cite Further, suc
e ey D& RS, A ) | HndRgenes dominant.

st rengtddiby addiohg fdrdsemtt herwireiongr bgxamhe; tAEFEotary
resig’ad ed . wWth

| de fib fill t hat
L Yd T PR o O, S G TRBe L. hAGgRobiC

i nmatdnﬂﬂlcaukngst@@s&ﬁdﬂ@pthm&eﬁﬁameﬁhﬁhoﬁhbm@@%na from

I d t act l.
ueeaiargn i sF s e Be BeIERE Tiliing
nameﬁuakagaE|9ﬁymh@ trivits rgo rtirtguen iss atrbé dable.
above- W%%%I %%grpngl%%Sb% thlﬁbgygogréhﬁggkh%l %ﬁéy

surfaces of “Uh

saRré featavicawhenhéhe ifdow pﬁ@m@menénrlgas that. ngotthe
theosli Q%EQ1%Hr§§§§§r@&e W%%pa%oggghggn%PQ%§n%h%aQ%&his
have the sane ess’ Al'so, ‘an abnoi na

as SWﬁé cbefAdendat sorhwearaggy Gdeuexidicnpertieaggmprovided

FQ&E@Eab§yU§9@uﬁartﬁ@tElb@e %%a@%e§orTQh§°b%% $4ehng the
ects, it is adapted that the hardness of

suFPaéé%éfﬂéopoﬁéPPfﬂﬁéﬁ t RRC PRITREUSEKEY tla the valve for

poswﬁtmahmgm@@& bBQt&QE&ﬁ@ @%%ewhbébok$ thenair 1s guided
%hange resh one. PTFE resin added wit

§PwlaeCﬁBGFﬁE §n§6ﬁﬁﬁﬁaP°ﬁ|gﬁ@rtHSr&ﬁé%spP§t§sé6°u“d the
fopréssnrmgeﬁh31staﬂoF shdeagelsi keaPThRE begn?gadéﬁdflow
n n ower r Ss,i s use
oPas SabRRN=ParhR Bye b B RER L bR R S r e uPhphae even
ro@ﬁrths aowenbee tonﬂenexthangeccthlle the sliding

surfaces a%genﬁg@agg hydraphgbig gﬁé'peﬂﬁegeagai%&oas
descri be ove resi nbus naF essin
neEﬁﬁﬁﬁ@all§tPéﬁ@®ﬁe@v@ﬁ theagdirfpzeso205he added when the

thﬁﬁﬁb@r @EdePESdQEOEERti0@0&%&399096 Y8, when the
number of ports is much, a plurality of openings are
provided on the same radius of the sliding surface of the
rotor, and connected to each other on the back of the
sliding surface by a flow passage.

The hydrophobic material used for the sliding
members; 1.e., the stator and rotor; may be of a fluorine
type or a silicon type, such as polytetrafluoroethylene
resin (PTFE), polyether-etherketon resin (PEEK) or
polyacetal resin (POM). Particularly, the flucrine type
hydrophobic resin is preferably cited. Further, such
material may be improved in slidability and/or sfrength
by adding filler thereto, for example, PTFE resin added
with polyimide fibers as filler or that added with carben
or polyethylene fibers. As an index indicating the

hydrophobic property of these materials, a water drop

contact angle is generally used, wherein 90° or more is
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they are seal ed by using the pressure of a spring as
a nechani cal seal. Accordingly, part of a structura
body to be | oaded is made of high-rigidity materi al
such as netal including SUS, al um num or brass,
ceram cs or 25conposite material. The

hyﬁtgﬁb@bbﬁeﬁatﬁhb?ha@@@zhﬂesE&ﬁEEyghghtﬁﬂgrﬁbﬂd%tlon is
ity than the former _nmay be bonded together by
h?u?%ﬁ@@ “REGi-ico5C SATECE&EMRg, i npregnation or

adhe3|omf the suritaeg mudirkbicest b@nthe gebesakbYng members
carried ut EyF Oadhering, sel.f-system

zed .
nnﬁﬁﬁnwg a8 Em>2BE tﬁﬁﬁa&reFéP£8|9StﬁaPh388@8n0n 10
mﬁthatlhothnethsalﬁubgté&kéac@heaQQaWbﬂg t8gether since

gepera PTEE oatln npr egnat+i on_i s
geﬁg?a%P§hc§FFFe sut’ 8% P Qﬁﬁgtl%gsPheaﬂyaPBBﬁﬂﬁ%cwear
nasechah8|nhe uomdsneat$bnt$eam tnhe subskratace the same

surdeces ; §oThe,adneslon ) 5,00e" gLy 6atrl e ol DY ucn

resin-or e resi
pr@$ﬁ¢@b$y staﬂnleéspseéethateSHEthngdnasa sfi dhagsurface

nebef ower Bnan %ﬁQ€r8k|¥h Sb@ﬁg ggggtisgigeﬁéar the

PTFE type resin i s not eness,
sufPhkertenpevwhikbr éd ﬁhynbexpheaged Wbt h &rkahigee. If

etﬁﬁrﬂgré91ﬁeHHM@dtb§tﬁ|?8&&&&18E0H9v558”£tQSméHﬁE@Cﬁlgher

so that the wettabil her eof he”epoxy type
adtesives dr 1ot Haps ﬁ@reﬁgaméag Fhet RERtOFofidhe while PTFE

puf@@ﬁ@ @&déacﬁﬁﬁﬁlagrbbﬁ BE@aAntOabeopdhengdint b8 is used
fac$ |r-blaste The inventive rotary
SRlafrE

BIEOFBrtﬁ%dEre%EuFE EﬁfﬁbbéﬁsB?pPF%ﬂare the
tyxmt@my@enacmemﬁétrab!b@ 4Qspshge. That is, ‘the
rption_type oxygen concen
Cy et om ThEFtaBaoaEtPhed oo bEREH! 7 B R Tre anGorbaRRoR e
cam%ﬁﬂmcw$ setecialedy absorbbag abtrvegenheatbeindhan
(”ﬁg%gklﬁ §UPQL 'fg %@gﬁén él g@?é%g@g Q&gﬁsffléggltlves
e 1

air tot adsor i on n su
MeRTs #%@e%ub@ethgfo&y@ehh@oﬁaéﬂ3@dtapn @@ﬁe@aced when

fr&[@%h&r@d§@aﬁpéﬁoﬁyb§9§nc§otfqgepyégéurghbf éy%@ﬁlgaés a

t he ove-nentioned inventive rotary valve as a
AN 557 chPRY- valveCTRLBIL Y oWPPEESAGea f BFTuCtural body

su&ﬂh@ﬂﬁbé@@dDﬁ@S@@@ézsﬂ BEERFEQ QL £y SHRPEYEAY such as
ﬁgggl including 3US, aluminum or brass, ceramics or
compcsite material,

The hydrophobic material and the material higher in
rigidity than the former may be bonded together by the
surface modification, coating, impregnation or adhesion.
The surface modification is generally carried out by
adhering self-systemized monomolecular film, DLC film,
preferably that added with fluorine to a substrate. The
coating is generally a PTEFE cecating. The impregnation is
generally carried out by impregnating the hydrophobic
material into voids or slits on the substrate surface.

The adhesion is generally carried out by adhering
PTFE resin or PTFE type resin to metal, preferably

stainless steel, resulting in a sliding member.
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20such as a conpressor to the adsorption beds.

Exanpl es Sone preferable enbodi ments of the rotary

val ve -of the present invention wll be described
bel ow with 25reference to the drawi ngs, wherein Fig.

1l illustrates Exanple 1 of the inventive rotary

val $enerprgly2 singet theeBTERanpsen 20t heTEDf typadrdson is not
3 tyat j rt tar V. a

ora LB e B s 8 e e S o Be Bt o e

of Ewt%@emtbegfb@hilye veit vleing | to beerese rﬁlb@dfTihmrine

ac C j t h t ' ' 1. .. The

oty e et o e 1 SR e R oy Thereof to
supptyi $RP%EY rtwont 2dle Ay et eroviapor iakersdram Further,

35at SOSPNEIu#00 Fe RO T BldLya Ofnd r%{%gﬁ Ar o gsaecﬁ’iered, the

part of which outer l|ayer including tl SIidim
SUrfHoees dFade Ginykapiedi c material. - 9 -

Rotary nefees;eht S and %W@eirbdiéﬁﬂlqréa)bl@ls&fdahe
ont o st at ieonar,y menbers 1, 2 by a reactive force of a

spA Y HOt® SHOWMIE SAROTRILRY TPy Irn oaceBomieen
t ogattem.vi i tbangdi Rthes Wik e 1o hey %—d@dp&q%nd type

5Si m.] arl t he stationary nenbers 1, 2 are bonde

L oGRUST VIORE Bt 11 SUTath GRS GReqRicen beds

Oﬁéiri:émiemﬁ:mfal:tslmechremtarqa;rmﬂtfnﬁf %F?Tl%dﬂtis;@q.@e@mrbing

t he.sli di face.side i s made .0 ype resin.

e et A I TS Y st v oo or

as SYebillviisg, p(I\ﬂﬂ'S@iIﬁZ@d-l@@rgn:aade;haTmisfoa@ith woeﬂnb}j@yis, and

NI I R . = TR he ot her nmenber :

of StRe TorS s Marber S 60 SobRad opea oe T 6 pgnesd aix

s| PBPRGSEES aeem $hevnde sor p3USBO4dsThe tibrdiusgrof This

t heykekar \aReBer $ vl 8@/ d£d %%EE?%’aqg%%E&gvalve as
he E type resin

the al kaline- 15etched surface of t
of &t héWeRBsEa@e §witching valve in a flow passage for
supplying the pressurized air from air supplying means

such as a compressor to the adsorption beds.

Examples

Some preferable embodiments of the fotary valve of
the present invention wiil be described below with
reference to the drawings, wherein Fig. 1 illustrates
Example 1 of the inventive rotary valve; Fig. 2
illustrates Example 2 thereof; and Fig. 3 illustrates a

prior art rotary valve as a comparative example.

(Example 1)

Example 1 of the inventive rotary valve will be
described in accordance with the structure shown in Fig.
l.  The rotary valve of Example 1 is a slidable valve for
supplying air containing water vapor taken from
atmosphere to a plurality of treatment processes, part of
which outer layer including the sliding surfaces is made

of hydrophobic material.
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t he 503-304 surface of the menber 6. One nenber
2 of the stationary nenbers 1, 2 disposed on the
sliding surface side as a hyd[g#hgbic material is
made of PTFE type resin. This FE type resin is PTFE

-20resin added with polyimde as filler, which is, Y2A

grade mﬁﬁ@&@chﬁhﬁ@r@y4ELBP@?dPFLbﬁ% E%@@bN@l@@larly pushed

er er of the stati,on
bt B B e s S
|Ss@&d@g0ho$USh&®ﬁ wﬁm@hrﬁﬁb&m alembe: 3 heﬁ afte bonded
rI%Idlt t han t of h dro hobi.c

er
o eheh o e TR SR e e P R See )
|sSamnﬂaedyouthbys&dh&bmﬁ@yth@mwekaluneZeh@bedonded

f f th t t t th

Py P BRRBB"c “HenBer B L0 & HET5055304 SurFadtoot LERE

nenber @n63m¥m9espﬂlng th@tr@h@ww,mbwbedesdulﬁediSposed on
abayg Bﬁg&&ﬂsssﬂr%gé"ggdergi W8 et %%ﬁ”%‘?% Febin.

roml ea olt ~of thé STi ng surface
drﬂhﬂﬁgPagﬂlt§P€p®ﬂ§ﬂnSQ§rE€FE glesdnneddshownth carbon as

ge@gg@%gs Qwﬂ&bﬁ'ﬁg h@bq5§ﬁ§%'C%ah%f%c@ﬂ%%ﬁib§dN&E§oﬂ

rotar O rotatet

a EéﬁéﬁBnPA§5éE§ EPer &XEmPI eThe P§h§rrﬁﬁwbeIhé gifr the

copbakpNEeMBEEeE Xap@rdhépE%%Ef%%%%%lQﬁ %oCQHEr§§§9&ng
not shown, and s ed from gas gp ying -

opéHFﬁ@ge(bﬁrF@?e8°§r§9§d§94on Fﬁé eRCiRG §§rF§€er8FarY
t heebatkonary menbersitd dutFbg. alife)llingThee alkaline-

10°BFBenaale T ACEna Lo API GAAFy HEADEFOLE, o8 tBef BEPOSE 4 to

t reatnBuE- aﬂaceesESCEVDa ahélmbmbbutﬁon groove

(connec Pgssag ided.on _a,sea
surfaceB%% )? |% ?he 6 gﬁﬁ%%rﬁbgﬁgberG at2 disposed
tiﬂhnghatSMMdchgpasrfboassgﬁeth@ pohtysird@hobiincirdEerial is

3;&%g&2§%0§§FEhﬁygéSEEEQPé'g%Pgrgg%gg typRe bALAMY s pTFE
resin added wzth polylmlde as flller, which is, Y2A

grade, manufactured by NIPPON PILLAR PACKING CO., LTD.

The other member 1 of the stationary members 1, 2
disposed opposite to the sliding surface is made of SUS-
304, which material is higher in rigidity than the member
2 made of hydrophobic material. The bonding of the
stationary members 1, 2 is carried out by adhering the
a2lkaline-etched surface of the PTFE type resin
constituting the hydrophobic member 2 to the SUS-304
surface of the member 1.

The spring, not shown, but described above provides
a sealing pressure to preventing air from leaking out of
the sliding surface. A motor driving device {power
source), also not shown, generates a driving torque which
is transmitted via a rotary shaft 7 fto rotate the rotary
members 4, 6 at a constant speed (for example, 2 to 5
rpm) . The air containing water vapor is compressed by a

compressor, not shown, and supplied from gas supplying
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10of carrying out a continuous operation for a |ong

period in a stable state even if the condensation of

water occurs in an environnent Werein the

tenperature and hum dity of air containing water

vapor taken fromthe atnosphere as well as the

t ergFaTBinges(pofrithle Stratdwonded dbnemberss ling sandadee of the
r ot ; vary,, becaus rise f taqraque

the.;sacre y s _§I ?nﬁr%begrnsdairfo% egﬁﬁlgqug'eelo@wr's fq%(')emttrﬁ% ment gas
sl iidi regipsurifesc Er Examp! @a2) 20Next(pdBtanplld Profvittee in

I et ive JioLar i -] e |

o ines ST e B A Gt processes
Exdd & 21 sgiriboft ipns arfoare | @pemesddianor lione lpadisage) 9

the rShiidely cSULS ace 1f oy SURR y('ﬂ%.allr(cqqnti | R0 rotary

wat er vapor, taken fromthe atnosphere, to a

25BRIPRILSt ¢/ of Erledt FeMingr dtesddsh posdddonts of the ports

hydoopkabicg geetariralhat ofThe eStakienary siBMRer el S
made of g.sin le material of PTFE type resin; in this
Exanpl e - D§2A°§REde VR §f 86CH-Ed ney tRI PPERPPELZARS capable

PASKlNEtQﬁ&ggLFEt-aAb%@tﬁagfh%$F @%@EﬂoﬁquﬁraZLB?ﬁ_period
made o n materi al ,Q ype resin; 1n IS
Exafp Fe?%ﬁééﬁﬁﬁﬁﬁl&@ﬂﬁ@d 1y TREPEERUPPERAROPACK! KisteT

COogchTB. inOhhekrnstiroeinghes Wa@eeﬁhet&ﬁneem@eimm}eeand

1. t.he sa manner . as Exanpl 1, the rotar al ve

i nilhle R TRNE, A% DA R o) xe00a! ShREh HRoKC ene

coatimpapbsrepesawiedn kor thel argppericodeisnod shabkeationary

st nqiifot c e iLon_of .water, or. occurs.in
ALELEYEN] Q d %Hg Q?%ér?éﬁ%mbefﬁré,agdvEﬁ%fdPFgause a

an environnén erein : per a
of rafe eéntaranmgthareryvaporsltgkénahdomot heakage occurs

at ppsRhene 3siMehl; asrihget enperatures of the
stationary nenbers 1, 2 and the rotary nenbers 4, 6

vary, because a rise of torque 5thereby is slight and
no(tgakpye ggcurs fromthe sliding surface.

Next, Example 2 of the inventive rotary valve will
be described in accordance with Fig. 2. In the rotary
valve of Example 2, all of a surface layer section
including the'sliding surface for supplying air
containing water vapor, taken from the atmosphere, to a
plurality of treatment processes is made of hydrophobic
material.

) The stationary member 1 is made of a single material
of PTFE type resin; in this Example, Y2A grade
manufactured by NIPPON PILLAR PACKING CO., LTD.. Also,
the rotary member 2 is made of a single material of PTFE
Type resin; in this Example, H4C manufactured by NIPPON
PILLAR PACKING CO., LTD.. Other structures are the same
as Example 1.

In the same manner as Example 1, the rotary valve of
Example 2 is capabkle of carrying ocut a continuous
operation for a long period in a stable state even if the

condensation of water or occurs in an environment wherein
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(Conparative Exanple) Next, a rotary valve which has

been conventionally 10used in the prior art using

sliding nmenbers made of hydrophj{ic material will be
described in accordance with Fig. 3 as a Conparative
Exanple 1 of the rotary val ve of the present _

i nVieift | oRrpAr 2w bei andretenidl ty soﬂbsmllr a:SozatéiIamgtPW;?dﬁ/er

e ' a er.| carbon or raphite
m{{%ﬁﬁ?% %%%Tlgnf%&ﬂs%% agsﬂ@(!(})?ﬁg%e’f%barsl C %]t%gass atq}eot ary
merAsEPeratures Ofciduy ditrar tandthe motmens Vil Ve @fd the

Co j el t ses_.over e
m%ﬁl{\gﬁque of 4ts'hcle6 n%a{kf%, g%]é\jaﬁlnggé devi'ces ﬁérlioorque
condEFEAY or® ankildiHe 220t otcatIermkaipf extclooe Ufsym when sliding
It sius-foper ated under the conditions that the
condensation of water occurs in an environnent
erdnthetemmr&ureandthdHﬁ thr Ny

ConCaimpait tatL IE 43Rl it aken from the at mosphere as

meFI ggi&%_ téﬁperaturgs of the stationary nmenber 2

and the [\I%“%‘recot &r ¥ Yréve v adi s oihiigh disrsi bsstns cnveatyionally

(Moditi deh Exanplras) Wit @sBxaniesiioly ReRESeAlhe of

i nyen io%. re _descr.i hed nge with reference to the -
at %gc%é’é’ &\?@\ﬁ fgder h@uﬁ SenLEsRFmECoA Ns ReFog dasce with
beFigni Bedst a t:bmpakm\tevenmta&r@ugqflmr}%@s rbtald Zalve of
b Ln various.changes, nodi.fications _or

o e RS SRR AR SO TR catobiepatirtind prevend 2o 2

i nveationarPomempamplé,. i A t:IaEbbesmaQbir\ielB(@gﬁbglﬁ of-

t v descr.i bove, .the rotary val ve

e e aSel For o gor FORE RV LeREnEn: "aes SUBFICHR: 25 a
sysPedT ¥ nBPBaEKg44-plurality of adsorption tubes,

. reactor scebrdysl EelkﬁEtQBEary valve of the Comparative

Example 1, the torque rises over the maximum torgue of
the motor driving device due to condensation and the
rotation defect occurs, when it is operated under the
conditions that the condensation of water occurs in an
environment wherein the temperature and humidity of air
containing water vapor taken from the atmosphere as well
as the temperatures of the stationary member 2' and the

rotary member of solid lubricants 4! vary.

(Modified Examples) _ _

While Examples of the present invention were
described above with reference to the attached drawings,
the present invention should not be limited to the above-
mentioned Examples 1 and 2, but includes various changes,
modifications or alternations within a spirit or scope of
the present invention. For example, in the respective
Examples of the rotary valve described above, the rotary
valve may be used for distributing treatment gas to a
system ‘including a plurality of adsorption tubes,

reactors or dust collectors.



10

i5

20

25

30

35

- 12 - Al so, by conbining sliding nmenbers used
in Exanples 1 and 2 to be a one-piece structure as
Exanpl e 1, the stationary nenber ey consi st of a
hydr ophobi ¢ menber 2 on the sll&lng surface side and
a high-rigidity nenber 1 5bonded to the forner

opp03|teAﬂeothbysbbdbnglﬁgr%aqalﬁgd@ehBeEg d@sed in Examples

t ' 1, while the rotary
merbor ag b8 A°srngl 8 RAFSOROBE HenbEr BXaseiA 1. the

Exaﬁbhélanafpnmembyrtmayhbﬁnshhe 5Ea§|ﬁ9§EM HEH@Frmimber 2
dr ophobi c S np

revohes oL aabe oL ouReh s erees 2 el B L

st reendeed &s tlmeEﬁampée dzppberieentbhEhbéQIQ@bﬁ@ Surface side

ne My n face_side an

hlgﬁgrlélg ?ﬁgﬁgﬁégg gggég%ngeaFol?h %TPg?nb while the

sur#@&ﬁﬂ!ﬂ@ﬁ@@ﬁde@aYogethe51n¢5thydf®$ﬁbbD@ ®émber 4 as in

Ef f h ta val ves 1n

Ex§%§%§% 1 %nd Cgﬁ%f@%bgt%rg ?%é Anpt 210t fg member may

|nﬁFﬁéﬁd@“ﬁ?l%LhY@@@Ph@MS¢omembemaieascnmd@mamﬂlﬁnl, while

t hecrsd i€t LHéﬁEé%W@@yQ&QnS'53@'%fg%yey@r&@%§9e 2Heln

Co reteh% the test was 20conduct measuri
r

sl i torgudsirie %W%HEYﬁEOPh@b%@rmﬁmﬂEWI@ on the sliding
humLﬁjﬂ Around Ahe shd di igh TBIDEY %%%@faé te t
con en;¥a ter between tﬂ%hslldln surfaces O%POSl & e
e S A tate rheted Seaaient o5 | ho

bl ock di agram of the torque measuring device. The

ch t.he s to que in the high-humdity
i e S e

I ronmen a const ant terrper ature
and humiEdi U.ysmlgomhﬁhlﬂce:a'f@r nmixnésngut ma@m at W4 2 and

n the rel
nuSeIFRite BRI SO LE < & i saraignsion
5. Ofn WE%@#pIC@SldPrmdﬂQ thdesFidiepfsutnfaue whie to
t hQuéﬂthl%‘é%ltv% %r\]raq %i CO%{&%dc er h(-:ée q:t ewdas

between the sliding surfaces is | nproved 3™ arge
exFQﬁfiulcﬁe@oPﬁaF‘ieé@ﬁl%% taohpelriatinge trams evitile changing

35€ABABkmb§§h€EléxauaiﬁﬁﬁngﬂA&dd“@ﬁ%T%ﬁx%%ﬁﬂ“ﬁé%% LA 1o

val ve of the present
the r%&%&é condensed waggr between the sliding surfaces in

a high-humidity environment. fig. 4 illustrates the
block diagram of the torque measuring device. The change
of the sliding torgque in the high-humidity environment
was observed in a constant temperature and humidity rcom
while maintaining the temperature at a constant value and
changing the relative humidity stepwise.

The test results are shown in Fig. 5. In Examples 1
and 2, the rise of torque due to the surface tension of
the condensed water generated between the sliding
surfaces 1s improved to a large extent in comparison with
Comparative Example 1.

CAPABILITY OF EXPLOITATION IN INDUSTRY
According to the rotary valve of the present

invention and the adsorption Separation system mounting
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i nvention and the adsorption separation system

mounting - 13 - such a valve, it is possible to
mnimze the fluctuation of the,sliding resistance of
the rotary val ve agai nst the change in the driving

envi ronnment between the | ow and high humdity

at npépherevalecordi hgl posshblst ableibiinl ¥é nghof fihe€tuation
adsQEption tion. m usi the inventjve ,
orary el Ve LA 98 SYERGHLHE  Pe it Yatol it areinst the
( PSA)angpelpxylrendcbntent eardbronmdAt Ghed e . & Ol & Yand
valy ok 4 I dj me S.. throu whi ¢
open§?$QM/p%%gggé%%ﬂﬁ%%¢%ggg[idgggggﬁﬁQ£i%S TSR
sl iHabl &9 Pldete ctderrpntoa mephant bal seatem using the
et O A IE NGO 21 6L 0% PARS GRS, ML &y
sealjng fluid by prelimnarily pressing sdid's |CW%Q?
SUrFERIP T ifter s di wb s | oY 9N seeieme wit@ach sai d
sliding nenbers is nmade of hydrophobic material and

the other surface opposite to 10 said sliding surface
is made of material higher inrigidity than said

hydr ophobi ¢ material; said hydrophobic material and
said higher rigidity material being bonded together

to be one-piece, wherein each of said two sliding
menbers has hardness different fromthe other, and
wherein one 15 of said sliding nmenbers is a

stationary menber and the other is a rotary nmenber

sai d hydrophobic material of said rotary nenber being
pol ytetrafl uoroet hyl ene resin added with carbon as
filler, and said hydrophobic material of said
stationary nenber bei ng

pol yt etraf | uoroet hyl ene 20filler. 2.
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added with polyimde as which open flow passages,
having sliding surfaces slidable to each other and a
nmechani cal seal nechanism f switching said fl ow
- passages while sealing fluid by prelimnarily

pressing 25 said sliding surfaces, wherein each said
two sliding nenbers has h obic nature and is
different inrigidity froxg &E ther on at | east said
sliding surface side, wherein one of said sliding
menbers is a stationary nenber and the other is a

t nmenber; said drophobi ¢ material of said
:gfg:zAﬁe gﬁlﬁéinﬁag po%ﬁ?@??ﬁﬁpaordﬂthl%ibd+%%inmembersf

throaddedwhiith capban &3ofi | bassaged, sahdvhydr ophebieg surfaces

. rial of_ sgid Lonary nmenber hein
Slld%%ﬁ%te?ﬁéffﬁ%?betﬁé %%e sgéinaadJ§¥%ﬁ%$?%%ly?ﬁ?ﬁe ggchanism
for fiekliéching said3. fAowt @assadae ashidef i nechbinanyfluid by
prel?&iﬁ%?i@&ecegkggs§igcla' d\M“¥f¥JHﬁfld Qﬁgggées, wherein
rigidity material is nmetallic material. ‘
said sliding surface of each said sliding members is made
of hydrophcbic material and the other surface opposite to
said sliding surface is made of material higher in
rigidity than said hydrophobic material; said hydrophobic
material and said Thigher rigidity material being bonded

together to be one-piece,wherein each of said two -sliding

members has hardness different from the other, and wherein one

of said sliding members is a staticnary member and the other is
a rotary member; said hydrophobic material of said rotary
meﬁber being pblytetrafluoroethylene resin added with carbon as
filler, and said hydrophobic material of said stationary member
being polytetrafluorocethylene resin added with polyimide as
filler. |
2. A rotary valve comprising two sliding members, through
which open flow passages, having sliding surfaces slidable to
each other and a mechanical seal meéhanism for switching said
flow passages while sealing filuid by preliminarily pressing
said sliding surfaces, wherein each said two sliding members has
hydrophcobic nature and is different in rigidity from the other
on at least said sliding surface side, wherein one of said
sliding members is a stationary member and the other is a rotary
member; said hydrophobic material of said rotary member being
polytetrafluoroethylene resin added with carbon as filler, and

sald hydrophobic material of said stationary member being

‘polytetrafiucorcethylene resin added with polyimide  as
filler. '
3. A rotary valve as defined by any of the preceding

claims, wherein said higher rigidity material is metallic

material.



